The article shows 2 cases of unusual presentation of acute acoustic trauma and blast injury due to occupational exposure. In the case of both patients the range of impaired frequencies in pure tone audiograms was atypical for this kind of causative factor. Both patients had symmetrical hearing before the accident (which was confirmed by provided results of hearing controls during their employment). A history of noise/blast exposure, the onset of symptoms directly after harmful exposure, symmetrical hearing before the trauma documented with audiograms, directed initial diagnosis towards acoustic/blast trauma, however, of atypical course. Acute acoustic and blast trauma and coexisting acoustic neuroma (AN) contributed to, and mutually modified, the course of sudden hearing loss. In the literature there are some reports pointing to a higher sensitivity to acoustic trauma in the case of patients with AN and, on the other hand, indicating noise as one of the causative factors in AN. Int J Occup Med Environ Health 2018;31(3):361 -369
INTRODUCTION
Noise is a commonly known risk factor for hearing impairment. It is estimated that around 30 million people in the European Union are exposed to noise at levels which are potentially harmful to hearing, mainly in the workplace. Nevertheless, there is a growing tendency for noise exposure in recreational activities. Acute acoustic trauma (AAT) is a sudden sensorineural hearing loss induced by acoustic overstimulation, most frequently due to exposure to intense impulse noise. Acute acoustic trauma is typically characterized by the sudden onset of tinnitus in the affected ear/ears, a sensation of blocked ear and the sudden onset of unilateral/bilateral hearing loss with a temporary or permanent threshold shift, typically with an audiometric notch at 4 kHz or 6 kHz. The 2 main mechanisms which account for hearing loss after AAT are: direct mechanical trauma to the organ of Corti, and metabolic damage following mechanical trauma-dependent processes, resulting in the overproduction of free radicals and lipid peroxidation products. Less common types of ear trauma are these caused by blast injury. Since ear is the most sensitive pressure transducer, this organ is the one most frequently affected by blast injury. This kind of injury involves mainly tympanic with asymmetrical hearing loss accompanied by unilateral tinnitus, a low speech discrimination score (SDS) which is disproportional to pure tone audiometry, and abnormal auditory brainstem responses (ABR). However, the value of ABR is currently questioned, as it has been found to have low sensitivity and specificity: the sensitivity being around 58% when tumor size is smaller than 1 cm [4, 5] . Currently, the gold standard in imaging diagnostics of asymmetrical sensorineural hearing loss is magnetic resonance imaging (MRI) with gadolinium, which is still frequently indicated by pathological results of ABR. The article presents a course of noise and blast induced hearing impairment recognized in pure tone audiometry, however, with the involvement of nonspecific for acoustic trauma frequencies. The aim of this report is to point to the fact of increased sensitivity of auditory system in the case of patients with acoustic neuroma. In the literature there are some reports pointing to a higher sensitivity to acoustic trauma in the case of patients with AN and, on the other hand, indicating noise as one of the causative factors in AN.
MATERIAL AND METHODS
The Patient One, a 31-year-old female, was admitted to the clinic in September 2008 due to acute acoustic trauma after sudden loudspeaker feedback. The patient had been working as a concert sound engineer for 2 years, and her hearing had been screened once a year. The 2 pure tone audiograms prior to the acute acoustic trauma, showed normal, symmetrical hearing bilaterally. Upon admission, the patient reported standing about 1.5 m from the loudspeaker, turned slightly to the left, so the right ear was more exposed to the noise. Directly after the incident, she developed a sensation of hearing loss in the right ear, as well as right-sided tinnitus (a high-pitched sound). The patient reported neither vertigo nor balance disorders. Ear, nose and throat (ENT) examination revealed a normal clinical picture with normal bilateral otoscopy. membrane, middle ear and inner ear impairment, less commonly involving external ear [1] . Thus the nature of the hearing loss, as a consequence of above traumas, will depend on structures involved in the process. Acoustic blast injury most commonly results in sensorineural hearing loss. The audiometric configuration of the hearing threshold is a high frequency hearing loss at one or more frequencies, but some may be the case with flat configuration. Although AAT is typically the case with 4 kHz acoustic notch, blast injury results in a sloping high frequency impairment [2] . Most examples of hearing loss amongst adults are bilateral and symmetrical. When unilateral or asymmetrical sensorineural hearing loss is detected, further audiological diagnostics are needed. The most important causes of asymmetrical sensorineural hearing loss are neoplastic lesions in the internal acoustic meatus, such as vestibular schwannomas or other cerebellopontine angle tumors, as well as multiple sclerosis, stroke and other non-neoplastic causes. Acoustic neuroma (AN) is a benign tumor arising from the perineural Schwann cells of the vestibular branch of the vestibulo-cochlear nerve. The structure of the acoustic nerve is such that high frequency fibers, representing the basal turn of the cochlea, are located peripherally and low frequency fibers, representing the apical turn, are located in the nerve core [3] . Therefore in early stages, schwannoma will typically damage the outer layers of the nerve trunk, resulting in high frequency sensorineural hearing loss. Acoustic neuroma is one of the risk factors of sudden sensorineural hearing loss (SSHL) (3-15%). Hearing loss tends to be more severe in such cases and is less likely to recover when compared to idiopathic SSHL. Possible mechanisms of hearing loss include a rapid expansion of the tumor due to hemorrhage, edema or cyst formation, or compression of the internal auditory artery by the tumor in the internal auditory canal. Typically, AN is suspected among patients The patient had been working as a turner for 40 years in a noisy environment, using hearing protectors and having his hearing screened once a year. Before this trauma, Facial motor and sensory function were intact and symmetrical. The patient had no tinnitus before the acoustic trauma incident. A pure tone audiogram in the right ear revealed sensorineural hearing loss with an audiometric notch for 3 kHz. The opposite ear was found to have normal hearing with a notch of 10 dB only for 6 kHz ( Figure 1) . The short increment sensitivity index (SISI) for 3 kHz was 100%, the tone decay test (TDT) was 10 dB. Right-sided tinnitus matched to the contralateral ear: 8 kHz at 15 dB (pure tone sound). Speech audiometry showed a 100% speech discrimination score at 50 dB sound pressure level (SPL) in the right ear, and 100% at 40 dB SPL in the left ear. Impedance audiometry showed a tympanogram type A bilaterally, with a stapedial reflex (SR) threshold of 95 dB (only in the case of 0.5 kHz, 1 kHz) in the right ear and 85 dB in the left ear (in the case of 0.5 kHz, 1 kHz, 2 kHz, 4 kHz). At this early stage, the patient was diagnosed with rightsided acute acoustic trauma and received pharmacological treatment comprising Methylprednisolonum, Piracetamum and Vinpocetinum intravenously. Significant hearing improvement was reported after 6 days, with the pure tone audiogram revealing the hearing threshold to be within normal limits. Two weeks later, on a follow-up in the outpatient clinic, the patient underwent pure tone and speech audiometry, click ABR examination. The audiogram showed a bilateral hearing threshold within normal limits, without signs of acoustic trauma. Auditory brainstem responses revealed symmetrical responses (V wave latency at 80 dB nHL (normal hearing level): right -6.06 ms, left -6 ms, with interaural (I-V) difference 0.12 ms). Due to abnormal course of acoustic trauma, the patient was referred to pontocerebellar angle MRI with gadolinium. The examination revealed a 13×5×5 mm tumor in the right internal acoustic meatus. The Patient Two, a 60-year-old male, was admitted to the clinic in December 2014 due to blast injury of the consecutive pure tone audiograms had revealed slowly progressive sensorineural downsloping hearing loss without signs of acoustic trauma. Upon admission, the patient reported that at the time of the explosion, he was squatting about 0.5 m from the compressor valve, with the left side of his head directly exposed to the explosion. Immediately following the incident, the patient experienced a sensation of a blocked left ear, left-sided tinnitus (crackling-like sounds) and skin numbness in the left temporal region. The patient did not report any vertigo or balance disorders before or after the trauma. Ear, nose and throat examination revealed a normal clinical picture with normal otoscopy bilaterally. Facial motor and sensory function were intact and symmetrical. The pure tone audiometry performed in the left ear revealed severe sensorineural hearing loss in frequencies above 0.5 kHz, with audiometrical notches at 1 kHz and 6 kHz. In the right ear, a downsloping hearing threshold was observed with a notch for 6 kHz ( Figure 2 ). Left-sided tinnitus matched to the contralateral ear: 8 kHz noise at 60 dB. Short increment sensitivity index for 1 kHz and 4 kHz was 100%, TDT test was 10 dB, indicating the presence of a cochlear lesion in the left ear. Speech audiometry in the left ear showed rollover phenomena, speech reception threshold (SRT) at 65 dB SPL and speech recognition score (SRS) 70%. Impedance audiometry showed tympanogram type A bilaterally and no SR bilaterally for ipsilateral or contralateral stimulation. At this early stage, the patient was diagnosed with leftear blast injury and received intravenous pharmacological treatment comprising Methylprednisolonum, Piracetamum, Vinpocetinum and Betahistine. No significant hearing improvement was observed after 5 days. Ten days later, on a follow-up in an outpatient clinic, the patient underwent pure tone and speech audiometry, click ABR and videonystagmography (VNG). The pure tone audiogram showed a slight further increase in hearing loss in the left ear. Auditory brainstem responses revealed patho- However, some studies indicate that audiometric notches may not be attributed to any noise exposure [12] . Since noise exposure typically occurs in a free sound field, both ears are expected to be equally affected. Consequently, acute acoustic trauma usually results in symmetrical hearing loss. Nonetheless, some studies indicate that asymmetrical impairment is also possible, for example, among subjects performing arts. On the other hand, there are reports suggesting that the patients with asymmetrical AAT should be screened for AN [13] . Berg et al. give possible explanations for asymmetry in acoustic trauma: an environmental explanation, known as head shadowing, and physiological explanations, such as when men have a greater susceptibility to noise-induced hearing loss (NIHL) than women, in the left ear more than in the right ear [14] . In the presented cases, both explanations could be considered. During acoustic trauma, the patients were standing sideways to the source of the noise. Although the ear directly exposed to noise was more affected, the range of impaired frequencies differed between ears. In the case of the Patient Two, hearing loss was affected more severely and permanently, while the degree of hearing impairment in the Patient One was lower, with complete recovery after pharmacological treatment. Such differences might be attributed to age (greater hearing impairment with advancing age), sex (male sex more predisposed to NIHL), the source of the damaging noise or the size of any tumor [15] [16] [17] . Alternatively, according to Nordmann et al., the susceptibility to NIHL depends on recovery or repair processes in the cochlea, rather than the degree of the initial threshold shift [18] . In the case of presented patients, although the notched audiograms at first indicated acoustic trauma, the localization and extent (in the Patient Two) of the acoustic notches was atypical. Similarly, although 100% result in the SISI test indicated the presence of a cochlear lesion, Metz symptoms were not observed in impedance audiometry. Suzuki et al. demonstrated that patients with SSHL had tagmography revealed mixed balance system impairment with a compensated left peripheral lesion. The patient was referred to pontocerebellar angle MRI with gadolinium, which revealed the presence of a 10×4×5 mm tumor in the left internal acoustic meatus.
DISCUSSION
Noise leads to a combination of physiological and anatomical changes within the central auditory pathway as well as mechanical and metabolic damage in the cochlea [6] . It mainly affects the organ of Corti (outer hair cells, supporting cells), the limbus, spiral ligament and vascular stria, as well as the afferent neurons of the auditory nerve and spiral ganglion cells. Acoustic trauma manifests clinically as sensorineural hearing loss of cochlear origin, often accompanied by tinnitus. In human cochlea, the region most susceptible to noise damage is the area around 9-10 mm from the oval window, where 4 kHz frequencies are identified [7] . These cochlear properties result in the presence of an audiometrical notch at 4 kHz, indicating maximal hearing damage at that frequency. In fact, a well-established clinical sign of noise-induced hearing loss in pure tone audiometry is the presence of a temporary or permanent threshold shift, with the notch at 4 kHz. There are 3 possible explanations for the existence of the audiometrical notch. Firstly, there may be impaired blood supply and greater tendency for impairment of the supporting structures of the hair cells in the cochlear region between 3-6 kHz. Secondly, the primary force of the stapes footplate is orientated towards those hair cells, causing their failure due to permanent hydromechanical action. Finally, since all sound spectra are enhanced at 3 kHz by the external ear canal resonance, and since noise exposure has its maximal effect of one-half octave above the peak frequency of the noise, the greatest hearing loss will be in the 4-6 kHz region [8] [9] [10] [11] . Such characteristic audiometric features of noise-induced hearing loss make it relatively easy to recognize.
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366 hair cell loss in the organ of Corti, cochlear neuronal loss, stria vascularis degeneration, higher occurrence of endolymphatic hydrops and an acidophilic-staining precipitate within the inner ear fluid spaces. No correlation was found between tumor volumes and distance of the tumor to the cochlea vs hearing thresholds and speech discrimination scores. The possible mechanisms for the formation of a cochlear lesion in the course of AN are compression of the labyrinthine artery by AN, disturbance in the cytokine balance of the cochlea as a result of cytokine overproduction by the tumor, or concentration of acidophilic (protein) precipitate in the inner ear fluids [23] . Such findings may justify and indicate a cochlear pattern of hearing loss in AN. The usual pattern of audiometric results in the course of AN is asymmetrical or unilateral sensorineural hearing loss, affecting mainly high to mild frequencies, unilateral tinnitus and balance disorders. The literature, however, demonstrates that every type or shape of audiogram, including normal hearing is possible in the course of AN. Hearing impairment at high and medium frequencies results from the anatomical structure of the cochlear nerve: mid-and high-frequency nerve fibers lie on the outer portion. However, middle to low frequency hearing loss may be explained by the position of middle to low frequency fibers closer to some portions of the superior and inferior vestibular nerves [24] . On the other hand, the presence of a large purely cisternal vestibular schwannoma may be audiometrically asymptomatic for extended periods of time. Tutar et al. do not note any correlation between tumor size and hearing levels at each frequency among AN patients [25] . Hearing loss in the course of AN is therefore probably due to a combination of 2 mechanisms: cochlear, as described above, and retrocochlear, i.e., compression of the cochlear nerve by the growing tumor and ischemia caused by pressure of the cochlear blood supply [26] . The atrophy of the cochlear nerve results in a discrepancy between speech discrimination scores and pure tone hearing thresholds, the highest risk of AN in the case of non-improving or progressive hearing loss with basin-shaped audiograms [19] . The consequence of auditory system blast exposure is peripheral and central damage. Subjecting the brain to primary, secondary and tertiary blast injury results in stretching or shearing of neural projections in the auditory pathway, contusions to the brain surface, blood vessels and inflammatory changes of the soft tissues. Furthermore, the loss of integrity of brainstem nuclei, thalamus and cortex, as well as loss of neural connections throughout central auditory system are possible effects of blast exposure [20] . Barker et al.'s work suggests the fact of higher sensibility to AAT among patients with ipsilateral concomitant AN [13] . According to the authors, cases of asymmetrical noise induced hearing loss should be suspected of coexistence of AN. The direct causative link between AN and AAT has not been established, but the notion that noise exposure and thus mechanical trauma contribute to tumorigenesis has been highlighted. There is no universally accepted definition of significant pure-tone hearing asymmetry. Saliba et al. propose a 3000 rule in order to reduce the number of negative MRI performed due to autoimmune sensorineural hearing loss (ASHL) [21] . The authors propose an interau ral difference of 15 dB or more at 3 kHz as a criterion for hearing impairment conditioned by AN. If the difference is less than 15 dB, a biannual audiometric follow-up is recommended [21] . The Oxford American Handbook of Otolaryngology defines the audiological/otoneurological essentials of acoustic neuroma diagnosis as asymmetric, progressive sensorineural high frequency hearing loss, tinnitus, disequilibrium or vertigo episodes [22] . Although typical hearing loss for AN is retrocochlear, there are cases where a cochlear type of hearing loss occurs. Roosli et al. compared ipsilateral and contralateral histopathological findings in the cochleae of patients with AN [23] . The findings indicate more severe cochlear degeneration on the AN side: greater inner and outer that the ignition site of AN may by exposure to a carcinogen (such as ionizing radiation) and following exposure to noise (acoustic trauma) will promote the pathological process since increases cell proliferation [32, 33] . Albanes and Winick showed that cancer risk was proportional to a number of proliferating cells that occured during repair process [34] . Many studies have shown that acoustic trauma from impulse noise causes mechanical damage of the acoustic nerve and surrounding tissues. Furthermore, the electrolytes disequilibrium of cochlea fluids and free radicals appearing after noise overstimulation may induce cochlear DNA impairment [33, 35] . In our research on both patients AN appeared to be a factor increasing (modifying) sensibility of auditory system to hearing impairment. However, in the case of the Patient Two, we cannot exclude probability that noise could have been a causative factor for AN.
CONCLUSIONS
The article presents cases of acute acoustic and blast trauma due to occupational exposure. The course of the disease was conditioned by multifactorial etiology. Although clinical picture was typical for acute acoustic trauma, audiometrical results were not specific for either acoustic/blast trauma or acoustic neuroma. Acute acoustic trauma, coexisting AN and presbycusis apparently contributed to and mutually modified the course of hearing loss. In the literature, there are reports describing higher sensibility to AAT among patients with acoustic neuroma, likewise, there are studies on asymmetrical hearing impairment resulting from AAT. The history of noise/blast exposure, the onset of symptoms directly after noise/blast exposure, symmetrical hearing before acoustic trauma documented with audiograms directed initial diagnosis towards AAT, however, of an atypical course. The following audiological diagnostics indicated a discrepancy between outcomes which were expected in AAT and those which were obtained. Atypical course of acute acoustic and blast trauma indicated additional factor which is considered one of the most significant and differential feature of AN. Studies have shown that significant shifts in speech discrimination score may be attributed to a loss of more than 80% of cochlear neurons [27, 28] . Both, initial peripheral and central auditory pathway damage, appear to be a reason for higher sensitivity of auditory structures to AAT. In the case of the Patient One, a young woman, the audiometric picture could indicate cochlear origin of hearing loss: i.e., the presence of an audiometric notch at a single frequency, a complete recovery to normal hearing, normal ABRs and mildly affected speech discrimination. The 3 kHz notch could be a result of modified cochlear micromechanics due to changes in the hair cells and inner ear fluids. The improvement in hearing after pharmacological treatment indicates that the noise was the source of hearing impairment with sufficient repair processes within the cochlea. On the contrary, lack of most stapedial reflexes has been a sign of retrocochlear lesion. The speech audiometry (SRT vs. pure tone average 0.5 kHz, 1 kHz, 2 kHz±12 dB) in the case of the Patient One was hardly disproportional to the average pure tone whereas a rollover phenomenon was found in the case of the Patient Two, with a rollover index 0.42 [29, 30] . Before AAT and blast injury, neither of the patients had complained of vertigo or disequilibrium, not in the past or at the time of interview. Compensatory mechanisms influenced by vision and the contralateral vestibular organ, together with the lack of previous acoustic symptoms, may have possibly contributed to the delay in diagnosis. Preston-Martin et al. support the hypothesis that noise and mechanical trauma contribute to tumorigenesis [31] . The possible explanation considers cell proliferation occurring during repair process. The DNA copying errors resulting in chromosomal changes are causative factors for neoplastic transformation. The more cell divisions (so more repair processes) the more probability that mutation occurs. On the other hand the authors hypothesize
